Multi-drug resistance of pathogenic microorganisms is a serious threat to human health. In particular, Candida albicans, the most common opportunistic clinical fungal pathogen is one of the major causes of systemic infections, resulting in an estimated 30% of severe fungal infections, with mortality rate reaching nearly 40%. 1, 2 Widespread and repeated use of current drugs, particularly azoles, have contributed to the rapid occurrence of antifungal drug resistance, 3, 4 and most screening approaches for new drugs which target essential genes and fungal pathogens are likely to generate resistance over time. Given the high mortality rate resulting from fungal infections in immunocompromised patients and the limited number of highly effective, yet safe treatment agents, the development of new antifungal therapeutics is critical. 1, 2, 5 A strategy limiting the pressure on drug targets would increase the lifespan of antifungal agents and reduce the frequency of treatment failures. 3, 6 For instance, using synergistic drugs aimed at more than one target and slowing down the emergence of drug-resistant pathogens will be one of the key approaches to antifungal therapy. Our research group demonstrated that beauvericin (BEA) showed strong synergism with ketoconazole against diverse fungal pathogens both in vitro and in vivo, 5 and that this synergetic effect was not caused by their pharmacokinetic interaction. 7 Looking for natural products with potentially new Mode of Action from untapped sources provides an essential strategy. Endophytic microbes associated with traditional Chinese medicines provide a variety of active compounds for therapeutics. In addition, one of the major limiting factors in natural products drug discovery industry is that pharmaceutical companies have been traditionally designed to target individual factors in a disease system, but diseases are complex in nature and vulnerable at multiple attacks. Therefore, a systematic novel synergistic drug screening approach based on a multifactorial principle is urgently needed, especially from our Microbial Natural Product Libraries (MNPL).
A high-throughput synergy screening (HTSS) method has been developed in our lab for identifying synergistic microbial natural products in combination with a low dosage of ketoconazole against fungal pathogens in vitro. We used a much-reduced dosage compared with the established therapeutic dosage of KTC to sensitize and potentiate fungal pathogens while screening for potent co-drugs in an established microbial natural product library. This procedure takes advantage of KTC at low dosage concentration and screens for those synergistic partners from broad microbial natural products to enhance efficacy. A screening on in-house MNPL has led to the discovery of active beauvericin and avermectins (Supplementary Table S2 ). 5, 8, 9 Combinations of BEA (0.5 mg kg − 1 ) and KTC (0.5 mg kg − 1 ) prolonged survival of the host infected with Candida parapsilosis and reduced fungal colony counts in animal organs including kidneys, lungs and brains in an immunocompromised mouse model. 5 Further screening on a sub-library of microbial natural products has been done, contained 900 crude extracts from the fermentation broth of endophytic bacteria 300 strains on three different media (AM2, NM2 and MPG). HTSS on these extracts gave a 1.2% hit rate and generated 90% of the maximum activity in combination with 1/4 MIC of KTC. In addition, the microbial extract alone had little to no effect. Among these hits, along with the chemo-type analysis, an extract derived from the fermentation broth of endophytic actinomycete Streptomyces sp. (CNS-42) was highlighted with MIC values of 6.25 and 3.125 μg ml − 1 against C. albicans (SC 5314) and C. albicans (SC 5314) synergistic model, respectively. Bioassay-directed fractionation Figure S2) . The UV spectrum of 1 which was very similar to that of staurosporine revealed that 1 contained a skeleton of indole carbazole (Supplementary Figure S1) . The 1 H NMR spectrum (Supplementary  Table S1 and Supplementary Figure S3 ) of 1 was almost identical to that of staurosporine, 11 except for the presence of an N-formyl group (δ H 9.28). This revealed the NH group on staurosporine was replaced by an N-CHO group on 1. The structure of 1 was determined to be N-formyl-staurosporine by comparison of its 1 H NMR data with those reported previously. 12 Table S1 ) spectra were very similar to those of 1 except for the replacement of the proton of the N-formyl group on 1 by a methyl group (δ H 2.08, s) in 2, an amine group (δ H 6.03, s) in 3 and an extra hydroxyl group (δ H 7.78, s) in 4. 2 was deduced as N-acetyl-staurosporin, 13 3 as N-carboxamidostaurosporine 14 and 4 as 4'-N-hydroxy-staurosporine 15 by comparing 1 H NMR data with those of previous reports.
The antimicrobial activities of 1-4 have been evaluated (Table 1 ). All compounds did not show activities against Bacillus CalmetteGuérin, Staphylococcus aureus, Bacillus subtilis, Pseudomonas aeruginosa (Table 1) . Interestingly, both 1 and 2 showed strong synergistic antifungal activities with MIC values of 6.25 and 0.78 μg ml − 1 with the addition of 25% of the MIC of ketoconazole in the fungal suspension ( fractional inhibitory concentration index (FICI)o0.31 and = 0.26, respectively).
The indolocarbazole (ICZ) family of natural products is a source of lead compounds with potential therapeutic applications in the treatment of cancer and other diseases. Since the isolation of the first ICZ in 1977, that is, staurosporine, which was renamed and structurally corrected afterward, 15, 16 this family of compounds has attracted the attention of many researchers due to their variety of chemical structures and biological activities. There are more than 150 compounds identified from various natural sources including slime molds, marine invertebrates, actinomycetes, cyanobacteria and others. 17 ICZs display a variety of biological activities, including anticancer, antibacterial, antifungal and antiviral activities. [18] [19] [20] The ICZ derivatives are capable of targeting protein kinases and DNA topoisomerases as required for the treatment of a range of important human diseases, hence the quest for more active and novel ICZ analogs and/or new activities.
In a previous study, we reported the antifungal and plant growth promoting activities of staurosporine from endophytic actinobacteria. 10 In our lab, the well-developed HTSS platform has highlighted two significant products, beauvericin and avermectin (Supplementary Table S2 ), which showed outstanding synergistic activities in combination with a low dosage of KTC against fungal pathogens in vitro. In this study, we report two more molecules 1 and 2 identified with good synergistic antifungal activity. However, no significant activity was observed on fungal pathogens when applied singly. This indicates a potential new Mode of Action of these molecules against fungal pathogens. This report might provide a potential pharmaceutical application of the discovery of antifungal drug leads, especially for the treatment of diseases caused by ketoconazole resistant pathogens.
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